1. Summary. The distribution of surface-current density is determined on an axially infinite, perfectly conducting cylinder. A constant distribution of electric field across a narrow axial slot is assumed given.
2. Introduction. The analysis of the electromagnetic field radiated by a perfectly conducting circular cylinder of finite length fed by an axial slot becomes quite involved especially when the end surfaces are rigorously treated. However, if the slot is situated half way between the ends of the cylinder, the peripheral surface current distribution and the radiation pattern in the plane through the slot and perpendicular to the axis of the cylinder is approximately the same as for an infinite cylinder with an infinitely long axial slot. Therefore, in so far as this peripheral surface current and radiation pattern is concerned, it is only necessary to solve the following problem.
The problem investigated is the distribution of currents on the surface of an axially infinite cylinder of radius a fed from an axial slot across which is maintained a constant distribution of electric field defined by E = M?»(a, 9, Z) = e1E0G(e)e'i"t,
where G{0) is defined as follows:
(o for | 6 | > d0/2 and 0i is the unit vector in the 0-direction of the cylindrical co-ordinates r, 6, z. is constant in the gap and zero outside it. The applied field, Ee, maintains currents in the 0-direction. The field outside the cylinder has only the components Eg , Er , and II7 so that it is TM (transverse magnetic) and may be regarded as a superposition of cylindrical waves traveling radially outward from the surface of the cylinder. At great distances from the cylinder, Er is negligible compared to Ee , so that the field is predominantly TEM (transverse electromagnetic). As r approaches a, Ee of the radiated field must approach the Ee of the applied field, and Hz becomes numerically equal to the (^compo-nent of the surface-current density Je ■ 3. Fourier expansion of the applied field. To obtain an analytical expression for the applied field as given by (1), it is expanded in a complex Fourier series; that is, and bn are constant coefficients. Er is not involved in the determination of the unknown coefficients. Expressions (5) and (6) hold for all values r > a and for -x < 0 < ir.
5. Matching at surface of cylinder. At the surface of the cylinder, r = a, expressions (4) and (5) must be identically equal for all values of 6 between -tt and t. Therefore, Eoimr)-1 sin (nO"/2) = -(itiw/k)Hll)'(ka)bn .
This equation determines bn for all values of n. Explicitly, bn = {ikE0 sin (nd0/2)\ / {fiuiirnH^' (ka)}.
By substituting (8) into (6), Hz becomes Hz = (ikEo/vwr) "if n'1 sin (nd0/2)
n=-<x> H n (ha)
at the surface of the cylinder. 6. Surface-current density. Since J" is numerically equal to Hz , the surface-current density around the periphery of the cylinder is Je = (ikEo/mutt) "if n1 sin (nd0/2) ^ e'"'-"" n = -co 11 n (ka)
The limits of summation in (10) may be changed by using the formulas
Substituting (11) in (10), noting that k/(nu>) = l/(120x) mhos, the following expression is obtained for J " . The factor in front of the first square bracket is a complex constant independent of 6. Denoting the complex quantity in the square brackets by 8 + it, and taking the absolute value of both sides of (17), the following expression is obtained for Ee which defines the radiation pattern For ka = 1/10, the current density about the periphery of the cylinder is almost constant. For ka = 1/2, 2, 3, and 4 there is a standing-wave pattern about the periphery. In all the cases considered, the current near the gap is larger than the current near 6 = 180°. By narrowing the gap from 9 = 1/10 to 0O = 1/20, the overall level of current density was decreased, since reducing the size of the gap is essentially tantamount to decreasing the strength of the source.
